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A. Hypothesis: In our original application we proposed to investigate the 
effects of gravity on the formation of connections between the gravity 
receptors of the inner ear and the brain in quail raised in space 
beginning at an age before these connections are made until near the 
time of hatching, when they are to some extent functional. We 
proposed to use the neuronal tracer, Dil, which can be applied to tissue 
fixed in orbit, thus preventing changes in connections due to reentry 
into the earth's gravity. We hoped to detennine whether the vestibular 
system develops in two phases as do other sensory systems (such as 
the visual system). In these other systems the first phase of 
development is controlled genetically and the second phase is 
controlled by environmental stimulation. In the case of the vestibular 
system this enviromnental stimulus could be gravity induced linear 
acceleration. 

3 . 

Objectives of Experiment: The long range importance of this research 
is to find out whether or not there is a critical phase during 
development of the vestibular system in which appropriate stimuli are 
needed to fine tune synaptogenesis. These data will be crucial for 
future long range space explorations that require multi-generation 
flights. 


Phase 1 Missions: Flown on MIR, total of three flights, only one flight 
(Atlantis) resulted in some successfully incubated quail eggs of sufficient age 
to be used by us. 


i 



Results: 

In our original application we proposed to investigate the effects of 
gravity on the formations of connections between the gravity receptors of the 
inner ear and the brain in quail raised in space beginning at an age before 
these connections are made until near the time of hatching, when they are to 
some extent functional. We proposed to use the neuronal tracer, Dil, which 
can be applied to tissue fixed in orbit, thus blocking changes in connections 
due to the earth's gravity. We hoped to determine whether the vestibular 
system develops in two phases as do other sensory systems (such as the 
visual system). In these other systems the first phase of development is 
controlled genetically and the second phase is controlled by environmental 
stimulation. Unfortunately we have not received tissue that was exposed to 
microgravity and was fixed suitable for this analysis. 

Completeness/quality of data: 

a) # of quail embryos at 14 days of incubation 
obtained: 2 heads and brains. 

b) # of quail embryos at 16 days of incubation 
obtained: 1.5 heads and brains. 

These numbers were not sufficient and far off from the requested 1 0 
animals per stage. Technically, we wanted to analyze the central projection 
of the vestibular end organs such as saccule, lagena and utricle and compare 
this with non-gravity sensing end organs such as the angular accelerometers 
of the semicircular canals. The method used is rapid diffusion of the 
lipophilic dye Dil in the vestibular nerve fibers after selective implantation of 
Dil crystals into the appropriate organs. This technique has been used 
extensively by us in the past on a variety of tissues (Bruce et al., 1997a,b; 
Fritzsch et al., 1997) and was previously successfully applied to an analysis 
of the vestibular connections in microgravity exposed rat embryos (Fritzsch 
and Bruce, 1 997). 

In the absence of a fixation suitable for Dil tracing, we tried to analyze 
the ears using immunohistochemical techniques. Initial stains indicated in 
control quail that we would be able to label the nerve fibers using and 
antibody against p-acteylated tubulin. However, using this antibody we did 
not get any staining in the microgravity exposed ears. Again, the insufficient 
fixation is likely to blame. As a last resort we embedded the ears in plastic 
for a thick section analysis of hair cell numbers and degree of maturation. 
Unfortunately even this rather simple issue could not be analyzed in the 
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microgravity-exposed chicken due to inadequate fixation. Both the incubator 
and the fixation technique are currently being revised by NASA. 

Conclusions: 

The data confirm previous findings that quail embryos can, imder proper 
circumstances, develop until hatching in microgravity. There were no gross 
abnormalities in the few ears of the late embryos (we received 3 ears at El 4.5 
and 4 ears at El 6.5). Due to inadequate numbers of samples returned and 
their fully insufficient fixation, no conclusions could be reached that warrant 
any publications. 
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